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DESCRIPTION 

DIELECTRIC CERAMIC COMPOSITION AND MULTILAYER ELECTRONIC 

COMPONENT 

Technical Field 

The present invention relates to a dielectric ceramic 
composition and a multilayer electronic component, and 
specifically to a dielectric ceramic composition and a 
multilayer electronic component which can be suitably used 
for temperature compensation. 
Background Art 

Known examples of this type of conventional dielectric 
ceramic composition include a dielectric ceramic composition 
for high frequencies proposed by the applicant of the 
present invention in Patent Document 1. The dielectric 
ceramic composition includes a ceramic composition 
represented by the general formula xMgO-ySi0 2 (wherein x and 
y represents the percent by weight of respective elements 
and satisfy 40 < x < 85, 15 < y < 60, and x + y = 100) and 
one or both of a material (Ba source) converted to a barium 
oxide by sintering and a material (Sr source) converted to a 
strontium oxide by sintering. The Ba source and the Sr 
source are added at a total content of 0.3 to 3.0% by weight 
in terms of BaC0 3 and SrC0 3 . 

Patent Document 2 discloses a multilayer ceramic 
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capacitor including two or more types of ceramic dielectric 
layers having different dielectric characteristics. In the 
multilayer ceramic capacitor, dielectric layers and 
conductor layers are alternately laminated, and the 
conductor layer is disposed on at least one of the surfaces 
of each dielectric layer. In addition, a glass material 
paste layer is formed over the entire surface of each 
dielectric layer, including the conductor layer, to form an 
adhesive layer including the glass material paste layer and 
the conductor layer. The conductor layer of the adhesive 
layer is used for forming a predetermined pattern, and a 
ceramic thin sheet is bonded to one or both of the glass 
material paste layer and the conductor layer. The conductor 
layers are composed of a conductor paste or conductive 
adhesive, and the dielectric layers are formed by laminating 
at least one each of two or more dielectric ceramic thin 
sheets separately formed and having different dielectric 
characteristics . 

Patent Document 3 discloses a dielectric ceramic 
composition for high frequencies composed of forsterite, 
zinc titanate, and calcium titanate. The dielectric ceramic 
composition has a composition represented by the general 
formula xMg 2 Si04-yZn 2 Ti04- zCaTi0 3 (wherein x, y, and z are 
shown by mol% and satisfy 21<x<88, 4<y<71, 4 < z < 
14, and x + y + z = 100) . 
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Patent Document 1: Japanese Patent No. 3446249 

Patent Document 2 : Japanese Examined Patent Application 
Publication No. 6-48666 

Patent Document 3 : Japanese Unexamined Patent 
Application Publication No. 2004-131320 
Disclosure of Invention 
Problem to be Solved by the Invention 

The dielectric ceramic composition for high frequencies 
of Patent Document 1 can be sintered at a lower temperature 
than that of conventional forsterite (Mg 2 Si0 4 ) and has a high 
Q factor and high dielectric constant. Therefore, the 
composition can be preferably used as a material for, for 
example, circuit element substrates used in the microwave 
band, such as microwave integrated circuits, and dielectric 
resonator supports. However, the composition has a firing 
temperature of as high as 1350°C to 1400°C and still has a 
problem in use as a multilayer capacitor material because of 
its high firing temperature. 

The multilayer ceramic capacitor of Patent Document 2 
is produced by laminating, through adhesive layers, two or 
more types of dielectric ceramic thin sheets having 
different dielectric characteristics, for example, 
dielectric ceramic thin sheets having positive and negative 
temperature coefficients. The dielectric ceramic thin 
sheets having different dielectric characteristics are 
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separately produced and bonded together with an adhesive 
including a glass material paste and a conductor paste to 
produce a laminate, followed by firing. Therefore, the 
process for manufacturing the multilayer ceramic capacitor 
is complicated and takes much time. In addition, a 
structural defect may occur due to a difference between the 
thermal shrinkage coefficients of the ceramic layers and the 
adhesive layers each including the glass material paste and 
the conductor paste, thereby causing the problem of 
difficulty in realizing miniaturization and multilayering of 
a ceramic capacitor. 

In the dielectric ceramic composition for high 
frequencies described in Patent Document 3, the dielectric 
constant can be controlled in a range of 8 to 20, the 
product Q x f 0 of resonance frequency f 0 and Q factor is high, 
and the absolute value of the temperature coefficient x f of 
the resonance frequency f 0 is 30 ppm/°C or less and can be 
easily controlled. However, the firing temperature is as 
high as 1300°C to 1500°C, and CaTi0 3 ^__used as a material 
having negative temperature characteristics^ has a negative 
gradient of as low as -1500 ppm/°C. Therefore, in order to 
achieve a temperature characteristic of 0 ppm/°C, a large 
amount of CaTi0 3 must be added, resulting in the problem of 
increasing the dielectric constant to 16 at 0 ppm/°C. 

The present invention has been achieved for solving the 
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above-mentioned problems, and an object is to provide a 
dielectric ceramic composition and a multilayer electronic 
component which permit firing at a lower temperature than 
that of conventional forsterite, controlable to 
predetermined dielectric constant temperature 
characteristics, and mu 1 til ay e r ab 1 e- i?*g without causing a 
structural defect in designing a low-capacity, small, 
multilayer electronic component, and which are capable of 
decreasing the equivalent series resistance, suppressing 
variation in capacitance, and satisfying the JIS standard 
characteristics including CG to CK, LG to LK, PG to PK, RG 
to RK, SH to SK, TH to TK, UH to UK, and SL properties 
(abbreviated to "CG to SL properties" hereinafter) . 
Means for Solving the Problems 

A dielectric ceramic composition according to claim 1 
of the present invention is represented by the general 
formula, Mg x Si0 2+x + aSr y Ti0 2+ y, wherein x, y and a satisfy the 
relations of 1.70 < x < 1.99, 0.98 < y < 1.02, and 0.05 < a < 
0.40, respectively. 

A multilayer electronic component according to claim 2 
of the present invention includes a laminate of a plurality 
of dielectric ceramic layers, internal electrodes disposed 
between the respective dielectric ceramic layers, and 
external electrodes electrically connected to the internal 
electrodes. The dielectric ceramic layers are formed using 
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the dielectric ceramic. composition according to claim 1. 

In other words, the dielectric ceramic composition of 
the present invention is represented by the general formula, 
Mg x Si0 2 + x + aSr y Ti0 2+y . This dielectric ceramic composition is 
basically formed by adding a predetermined amount of 
strontium titanate (SrTi0 3 ) having negative temperature 
characteristics to forsterite (Mg 2 Si0 4 ) having positive 
temperature characteristics, a low dielectric constant, and 
excellent high-frequency properties to produce a mixed 
crystal of forsterite and strontium titanate so that the 
dielectric constant can be decreased, the temperature 
characteristics can be easily controlled, and a desired 
temperature coefficient can be obtained. As a result, it is 
possible to obtain a dielectric ceramic composition having 
temperature characteristics in a wide range from the JIS 
standard CG to SL characteristics required for temperature 
compensation applications. Therefore, the dielectric 
ceramic composition of the present invention is suitable for 
use in manufacturing multilayer electronic components such 
as a low-capacity ceramic capacitor for temperature 
compensation and the like. 

In the dielectric ceramic composition of the present 
invention, the Sr y Ti0 2+y molar ratio a (= Sr y Ti0 2+y /Mg x Si0 2+x ) 
to Mg x Si0 2+x satisfies the relation of 0.05 < a < 0.40. Since 
the temperature coefficient TCC of capacitance TCC 
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continuously varies to the minus side as the content a of 
the strontium titanate added increases, the temperature 
coefficient can be controlled to a desired value by 
controlling the value of a. Namely, when the value of a 
satisfies the range of the present invention, a dielectric 
ceramic composition satisfying the temperature 
characteristics in a wide range from the JIS standard CG to 
SL characteristics can be obtained. When the value of a is 
less than 0.05, the temperature characteristics of 
forsterite dominate, and thus the temperature 
characteristics may not be improved. In addition, when the 
value of a exceeds 0.4, a rt he rate of change in capacitance 
with temperature is excessively negatively increased 
negatively , and the dielectric constant er may be increased. 
However, in applications in which the temperature 
characteristics must be more negative than the SL 
characteristics, the value of a is controlled to 0.4 0 or 
more in order to realize such temperature characteristics. 

In the dielectric ceramic composition of the present 
invention, x in the general formula satisfies the relation 
1.70 < x < 1.99. As described above, the sintering 
temperature of conventional forsterite is as high as 1350°C 
to 1400°C. However, in the dielectric ceramic composition 
of the present invention, the ratio (Mg/Sr = x) of Mg to Sr 
is controlled in the above -described range, and strontium 
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titanate is further added to significantly improve 
sinterability . Therefore, the ceramic composition can be 
sufficiently sintered at about 1100°C to 1300°C which is 
lower than that of conventional f orsterite-type dielectric 
ceramic compositions without using a sintering aid such as 
low-melting-point glass or the like. However, when x is 
less than 1.70, a Mg 2 Si0 4 phase and a SrTi0 3 phase are not 
produced, and the temperature characteristics required for, 
for example, multilayer electronic components for 
temperature compensation, may not be improved. Furthermore, 
when x exceeds 1.99, the sintering temperature of the 
dielectric ceramic composition cannot be decreased, and the 
dielectric ceramic composition may not be sintered in a low 
temperature range of up to about 1300°C which does not 
adversely affect internal electrodes of multilayer 
electronic components, for example, in forming the internal 
electrodes using an Ag-Pd alloy, Pd, or the like. 

Furthermore, in the dielectric ceramic composition of 
the present invention, y in the above -described general 
formula satisfies the relation 0.98 < y < 1.02. The 
temperature characteristics can be stabilized and controlled 
to target temperature characteristics by controlling the Sr 
ratio (Sr/Ti = y) to Ti of strontium titanate. In the 
present invention, the above-described range of y is 
satisfied so that the temperature characteristics can be 
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stabilized in a wide range from the JIS standard CG 
characteristics (temperature coefficient of capacitance TCC 
= 0 ±30 ppm/°C or less) to the SL characteristics 
(temperature coefficient of capacitance TCC = +350 to -1000 
ppm/°C or less) . When y is less than 0.98 or exceeds 1.02, 
a Mg 2 Si0 4 phase and a SrTi0 3 phase are not stably produced, 
and thus the temperature characteristics may not be improved. 

In the multilayer electronic component of the present 
invention, therefore, the dielectric ceramic layers are 
formed using the dielectric ceramic composition of the 
present invention. By using the dielectric ceramic 
composition of the present invention for forming the 
dielectric ceramic layers of the multilayer electronic 
component, firing can be performed at a lower temperature^ 
of about 1100°C to 13 00° Cj_ than that for conventional 
forsterite without using a sintering aid, and the resulting 
multilayer electronic component of the present invention has 
a low dielectric constant and flattened temperature 
characteristics. When the dielectric ceramic composition of 
the present invention is used for the multilayer electronic 
component of the present invention, the number of the 
stacked dielectric ceramic layers can be increased because 
the dielectric ceramic composition of the present invention 
has a low dielectric constant, thereby achieving the 
multilayer electronic component with a low equivalent series 
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resistance and small variation in capacitance. 

The internal electrodes constituting the multilayer 
electronic component of the present invention are formed 
using a conductive material which is capable of forming the 
internal electrodes at the firing temperature of the 
dielectric ceramic composition of the present invention. 
The conductive material for the internal electrodes is not 
particularly limited, and generally- known conductive 
materials, such as palladium (Pd) and palladium-silver (Pd- 
Ag) alloys are preferably used. Since, as described above, 
firing can be performed at a low temperature of up to 1300°C, 
neither breakage in the internal electrodes nor structural 
defects occurs in forming the multilayer electronic 
component even using Ag/Pd or Pd for the internal electrodes. 
The external electrodes constituting the multilayer 
electronic component are formed using a generally known 
conductive material. Unlike for the internal electrodes, 
the conductive material for the external electrodes is not 
limited with respect to firing, but a conductive material 
according to the internal electrodes is preferably used. 
Advantage of the Invention 

According to claims 1 and 2 of the present invention, 
there is provided a dielectric ceramic composition and a 
multilayer electronic component which permit firing at a 
lower temperature than that of conventional forsterite, 
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control to predetermined dielectric temperature 
characteristics, and multilayering without a— structural 
defects in designing a small, low-capacity multilayer 
electronic component, and which are capable of decreasing 
equivalent series resistance, suppressing variation in 
capacitance, and satisfying the characteristics in a range 
from CG to SL characteristics required for temperature 
compensation capacitors . 

Best Mode for Carrying Out the Invention 

The present invention will be described on the basis of 
an embodiment shown in Fig. 1. Fig. 1 is a sectional view 
schematically showing a multilayer electronic component 
according to the embodiment of the present invention. 

For example, as shown in Fig. 1, a multilayer 
electronic component (specifically, a multilayer ceramic 
capacitor) 1 according to the embodiment includes a laminate 
4 including a plurality of stacked dielectric ceramic layers 
2, and a plurality of first and second internal electrodes 
3A and 3B disposed between the respective dielectric ceramic 
layers 2. Furthermore, first and second external electrodes 
5A and 5B are formed at both end surfaces of the laminate 4 
so as to be electrically connected to the first and second 
internal electrodes 3A and 3B, respectively. 

As shown in Fig. 1, each of the first internal 
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electrodes 3A is extended from one of the ends (the left end 
in the drawing) of the corresponding dielectric ceramic 
layer 2 to the vicinity of the other end (the right end) , 
and each of the second internal electrodes 3B is extended 
from the right end of the corresponding dielectric ceramic 
layer 2 to the vicinity of the left end. The first and 
second internal electrodes 3A and 3B are formed using, for 
example, a Pd-Ag alloy. 

As shown in Fig. 1, the first external electrode 5A is 
electrically connected to the first internal electrodes 3A 
in the laminate 4, and the second external electrode 5B is 
electrically connected to the second internal electrodes 3B 
in the laminate 4 . The first and second external electrodes 
5A and 5B are formed using, for example, an Ag-Pd alloy. 
Furthermore, generally known first plating layers 6A and 6B 
and second plating layers 7A and 7B are successively 
provided on the surfaces of the first and second external 
electrodes 5A and 5B, respectively. 
Examples 

Next, the present invention will be described on the 
basis of an example. In this example, a plurality of 
dielectric ceramic compositions shown in Table 1 was 
prepared according to the procedures described below, and 
multilayer ceramic capacitors were prepared using the 
respective dielectric ceramic compositions. Next, the 
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resulting multilayer ceramic capacitors were evaluated. The 
results are shown in Table 1. In Table 1, samples outside 
the range of the present invention are marked with * . 
(1) Preparation of dielectric ceramic composition 

First, high-purity MgO, Si0 2 , SrC0 3/ and Ti0 2 were 
prepared as starting raw materials and weighed to prepare 
the compositions of sample Nos . 1 to 18 shown in Table 1. 
The raw materials of each of the samples were wet -mixed and 
ground using a ball mill to prepare a slurry. Then, the 
slurry of each sample was dried by evaporation and 
temporarily fired in air at 1000°C for 2 hours. Next, the 
temporarily fired powders were dry-ground to obtain 
dielectric ceramic compositions. 

A dielectric ceramic composition may be prepared by a 
method other than the above-mentioned method as follows: 
First, MgO and Si0 2 are mixed and ground, and the resultant 
mixture is temporarily fired to synthesize forsterite . Next, 
SrC0 3 and Ti0 2 are mixed and ground, and the resultant 
mixture is temporarily fired to synthesize SrTi0 3 . The 
synthesized forsterite and SrTi0 3 are mixed with MgC0 3 for 
controlling the Mg/Si molar ratio to prepare a dielectric 
ceramic composition having each composition shown in Table 1. 

Samples Nos . 1 to 9 are dielectric ceramic compositions 
prepared for measuring the influence of the content a of 
strontium titanate by changing the Sr y Ti0 2+y molar ratio to 
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Mg x Si0 2 + x (= SryTi02 + y/Mg x Si0 2 +x) from the range of the present 
invention to a value (a = 0,04 to 0.42) outside the range of 
the present invention at the Mg/Si (= x) and Sr/Ti (= y) 
ratios set to 1.90 and 1.00, respectively, within the range 
of the present invention. 

Samples Nos . 10 to 14 are dielectric ceramic 
compositions prepared for measuring the influence of x by 
changing the Mg/Si (= x) ratio from the range of the present 
invention to a value (x = 1.60 to 2.00) outside the range of 
the present invention at the content a of strontium titanate 
and y set to 0.10 and 1.00, respectively, within the range 
of the present invention. 

Samples Nos. 15 to 18 are dielectric ceramic 
compositions prepared for measuring the influence of y by 
changing the ratio y from the range of the present invention 
to a value (y = 0.97 to 1.03) outside the range of the 
present invention at the content a and y set to 0.10 and 
1.90, respectively, within the range of the present 
invention. 

The dielectric ceramic compositions prepared as 
described above have no significant effect on electric 
characteristics even when containing CaO, BaO, Zr0 2/ Al 2 0 3 , 
Fe 2 0 3 , B 2 0 3 , or the like. 

(2) Preparation of multilayer ceramic capacitor 

Each of the dielectric ceramic compositions prepared in 
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(1) was weighed, and predetermined additives, a polyvinyl 
butyral binder, and an organic solvent such as ethanol were 
added to the composition. The resultant mixture was wet- 
mixed using a ball mill to prepare a ceramic slurry. 

Thereafter, the ceramic slurry was formed into a 
ceramic green sheet by a doctor blade method, and a 
conductive paste containing Pd as a main component was 
applied onto the ceramic green sheet by printing. The 
ceramic green sheets were stacked so that the resultant 
multilayer ceramic capacitor contained ten effective layers, 
pressure-bonded together, and then cut into chip dimensions 
to obtain a ceramic green laminate. 

Next, the resultant ceramic green laminate was heated 
in air at 350°C to remove the binder, heated in air to 
1200°C at a heating rate of 50 °C/min, and fired at this 
temperature for 10 minutes to prepare sample Nos . 1 to 6, 9, 
10, and 13 to 18. The other sample Nos. 7, 8, 11, and 12 
were prepared by heating the ceramic green laminates to 
1100°C and then firing at this temperature for 2 hours. 
Although the heating rate may be 5 °C/min such as generally 
found in firing conditions for multilayer ceramic capacitors, 
a heating rate of as high as 50 °C/min can improve the 
insulation resistance of a multilayer ceramic capacitor. 
Each of the thus-prepared multilayer ceramic capacitors had 
chip dimensions of 2.0 mm x 1 . 2 mm x 1 . 2 mm and an element 
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thickness of 5 ^m. After the firing, first and second 
external electrodes were formed, and then plating was 
performed in two steps on the surfaces of the external 
electrodes to form first and second plating layers, thereby 
preparing evaluation sample Nos . 1 to 18. 
(3) Characteristic evaluation of multilayer ceramic 
capacitor 

For each of sample Nos. 1 to 18, capacitance and Q 
factor were measured at 2 5°C, 1 MHz, and 1 V using a LCR 
meter (42 84A manufactured by HP Corporation) , and dielectric 
constants er were calculated on the basis of the measured 
values, the electrode area, and the element thickness. The 
results are shown in Table 1. For each of the samples, 
capacitance was measured using a capacitance temperature 
characteristic measuring device, and the temperature 
coefficient of capacitance TCC of each sample was calculated 
according to the equation below. The results are also shown 
in Table 1 . 

TCC [ppm/°C] = { (C 85 - C 20 )/C 20 } x {1/(85 - 20) } x 10 6 
C 2 o : capacitance at 20°C 
C 8 s : capacitance at 85°C 
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[Table 1] 
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The results shown in Table 1 indicate that among sample 
Nos . 1 to 9 for measuring the influence of the SrTi0 3 
content a relative to Mg x Si0 2+X / sample Nos. 2 to 8 having aa 
within the range 0.05 < a < 0.40 of the present invention 
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show continuous changes of the temperature coefficient to 
the minus side with increases in the SrTi0 3 content a. It 
is thus found that the temperature coefficient of 
capacitance TCC can be controlled to a desired value by- 
controlling the SrTi0 3 content a. Therefore, the resultant 
dielectric ceramic compositions have rates of change in 
capacitance with temperature TCC which satisfy the 
temperature characteristics in a wide range from the JIS 
standard CG to SL characteristics. In this case, a 
dielectric constant sr of as low as 7 to 22 can be realized. 

In particular, in sample Nos . 2 to 4 having a SrTi0 3 
content a in the range of 0.05 < a < 0.15, it is found that 
the dielectric constants sr are 12 or less, the temperature 
coefficients of capacitance TCC are 0 ±60 ppm/°C or less 
which satisfy the CG or CH characteristics, and the 
temperature characteristics are satisfactorily flattened. 

On the other hand, in sample No. 1 having a SrTi0 3 
content a of 0 . 04_j_ lower than 0.05, it is found that the 
rate of change in capacitance with temperature TCC is 
positive large, and thus the effect of SrTi0 3 addition is 
not observed. It is also found that the temperature 
characteristics are not improved. In sample No. 9 having a 
SrTi0 3 content a of 0.42^_ exceeding 0.40, it is found that 
the rate of change in capacitance with temperature TCC is a 
large negative large , and the dielectric constant sr is also 
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as high as 26. 

The results shown in Table 1 also indicate that among 
sample Nos . 10 to 14 for measuring the influence of Mg/Si (= 
x) , sample Nos. 11 to 13 having x in the range 1.70 < x < 
1.99 of the present invention show dielectric constants sr 
of 22 or less and rates of change in capacitance with 
temperature TCC which satisfy the CH or CG temperature 
characteristics . 

On the other hand, it is also found that sample No. 10 
having x of 1 . 6j_ less than 1.70^ does not stably produce a 
mixed crystal including Mg 2 Si0 4 and SrTi 3 0 phases, thereby 
failing to improve the temperature characteristics. It is 
further found that sample No. 14 having x of 2.0^ exceeding 
1.99_j_ causes an increase in the sintering temperature and 
thus cannot be sintered at 1300°C in a temperature range 
which causes no adverse effect on internal electrodes. 

The results shown in Table 1 further indicate that 
among sample Nos. 15 to 18 for measuring the influence of 
Sr/Ti (= y) , sample Nos. 16 and 17 having y in the range 
0.98 < y < 1.02 of the present invention can be sintered at 
about 1200°C and have temperature characteristics stabilized 
and controlled to the desired temperature characteristics/ 
dielectric constants sr of 22 or less, and rates of change 
in capacitance with temperature TCC which satisfy the CG or 
CH characteristics . 
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On the other hand, it is further found that sample No. 
10 having y of 0 . 97_^_ less than 0.98^ has a rate of change in 
capacitance with temperature TCC which does not satisfy the 
CG and CH characteristics, thereby failing to improve the 
temperature characteristics. It is further found that like 
sample No. 10, sample No. 18 having y exceeding 1.02 has a 
rate of change in capacitance with temperature TCC which 
does not satisfy the CG and CH characteristics, thereby 
failing to improve the temperature characteristics. 

Ao dcacricd above, — according to the example of the 
present invention, as descried above, by using a dielectric 
ceramic composition represented by the general formula 
Mg x Si0 2 + x + aSryTi0 2 + y wherein x, y and a satisfy the relations 
of 1.70 < x < 1.99, 0.98 < y < 1.02, and 0.05 < a < 0.40, 
respectively, for a multilayer ceramic capacitor, firing can 
be performed at a low temperature of 1100°C to 1200°C / and a 
multilayer ceramic capacitor having a dielectric constant of 
as low as 22 or less and satisfying the temperature 
characteristics in a wide range of the JIS standard CG to SL 
characteristics can be obtained. 

Although, in the example, a multilayer ceramic 
capacitor was prepared in the example as a multilayer 
electronic component, the present invention can be applied 
to the preparation of other multilayer electronic components 
such as a LC filter, a multilayer substrate, and the like as 
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well as a multilayer ceramic capacitor.. Although a 
multilayer ceramic capacitor of a size of 2.0 mm x 1.2 mm 
has been described above, a smaller multilayer ceramic 
capacitor of a size of, for example, 1.0 mm x 0.5 mm, 0.6 mm 
x 0.3 mm, or 0.4 mm x 0.2 mm, can be multilayered without 
causing a structural defect during design because the 
dielectric constant is as low as 22 or less, thereby 
decreasing the equivalent series resistance and suppressing 
variation in capacitance. An application in which the 
temperature characteristics are more negative than -1000 
ppm/°C can be achieved by increasing the SrTi0 3 content a 
relative to Mg 2 Si0 4 to 0.40 or more outside the range of the 
present invention. 

Industrial Applicability 

The present invention can be suitably applied to 
multilayer electronic components such as a low-capacity 
multilayer ceramic capacitor for temperature compensation 
and the like. 

Brief Description of the Drawing 

[Fig. 1] Fig. 1 is a sectional view schematically 
showing a multilayer electronic component according to an 
embodiment of the present invention. 
Reference Numerals 
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1 multilayer ceramic capacitor 

2 dielectric ceramic layer 

3A, 3B first and second internal electrodes 

5A, 5B first and second external electrodes 



